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Kids in Danger desires to guide a team of engineers towards building a redesigned child stroller 
to address certain safety hazards. Common accidents from current strollers include rolling into 
traffic, invisibility at night, entrapment of the child, difficult setup, and pinching points. Nancy 
Cowles of Kids in Danger provided us with basic information regarding stroller malfunctions 
and what needs to be addressed. Our redesigned stroller targets these safety concerns and reduces 
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Figure 1. Stroller dangerously rolling away from parent [1] 
 
 






































































































































Figure 7. Recalled strollers due to inadvertent unlatching (front left: Century E-Z Go, Century TraveLite, 
















































   









































































































Engineering Specifications Target Values 
Number of Brakes [#] 2 
Stop Distance [ft] Less than 1 
Force to Release Brakes [N] Less than 5 
Amount of Lighting [deg.] 270 
Brightness of Lighting [candelas] 70 
Linkage Gaps size [cm] 1.25 
Price [$] 60 
Steps to fold [#] 2 
Number of warning signs [#] 4 
Weight of stroller [lbs] 20 
Folded length [in.] 40 
Area of window [ft^2] 0.5 
Percentage of child shaded [%] 70 
Hinge Cover Thickness [mm] Over 0.085   
Hinge Cover Diameter [mm] Over 115 
Hinge Cover Gap Size [mm] Not between 5.33 and 9.53 
Yield Strength of Slot Material [MPa] Over 60 MPa 
Tensile Strength of Slot Material [MPa] Over 90 MPa 
 













































































































































































































































































   
 
 


















































































































































































































































completely and properly setup and is ready for use. This LED is driven by the SCU using input 





properly set up and ready for use. This speaker is driven by the SCU using input from the 
proper setup notification potentiometer or limit switch. This speaker also serves as the warning 
sound emitter should the SCU determine a warning condition.  
 










and sound will function as either “on” or “off.”  This device may be omitted, and instead be 
replaced by a simple limit switch that is properly adjusted at the factory.  Both sensors are 














completely and properly setup and is ready for use. This LED is driven by the SCU using input 





parents that the stroller is properly set up and ready for use. This speaker is driven by the SCU 
using input from the belt tension sensor and the belt buckle sensor.  All auditory functions in 





























































































































 Low cost to manufacture.  
 Easy to understand.  
 Won’t cause reliance on auto 
system.  
 Good tactile feedback.  
 Two independent systems (2 
wheels).  
 Less parts to break.  
 Many parents don’t use 
brakes.  
 Won’t stop run-away stroller.  
 Wear after repeated 
lock/unlock. 
 Easy to forget.  





 Automatic operation.  
 Smooth braking action (comfort).  
 Innate diagnostics ability.  
 Little mechanical wear.  
 Speed monitor / speed limit 
control.  
 Requires constant electric 
energy. 
 Expensive.  
 Reliance on automatic brakes. 
 Limited runtime when 
stopped.  





 Automatic operation.  
 Prevents run-away stroller.  
 More convenient.  
 Reliance on automatic brakes.  
 Some additional cost.  
 Slight additional weight.  






 Automatic operation.  
 Prevents run-away stroller.  
 More convenient. 
 Electrical cables won’t bind.  
 Can be combined with theft lock. 
 Requires constant electric 
energy. 
 Reliance on automatic brakes. 
 Some additional cost.  




 Ensures that braking mechanism is 
set. 
 Especially necessary for auto 
brakes. 
 Prevents accidental movement.  
 Some additional cost.  
 False-positives are possible.  
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 Reduces liability.  
Table 3. Comparison of design concepts for braking trigger system 
 




Concept Advantages Disadvantages 
Hydraulic 
+ Caliper 
 Doesn’t easily bind as with cables.  
 Smooth operation, no friction.  
  Hydraulics not prone to debris. 
 Greatly increases force on caliper. 
 Hydraulics may leak / get air.  
 Periodic 
maintenance/inspection. 
 Additional cost.  
 Not easily repaired by user.  
Mechanical 
+ Caliper 
 Relatively low cost.  
 Can increase force on caliper.  
  Compact setup.  
 Maintenance free unless cable is 
bad. 
 Could bind / twist and seize. 
 Could be contaminated and 
rust. 
 Can stretch  
Slot 
Interrupt 
 Maintenance free.   
 Low cost.  
 Easily completely sealed.  
 Locks brakes easily.  
 External linkages require little 
force.  
 Auto brakes require extra links.  
 May be difficult to assemble.  
Electric 
Motor 
 Smooth operation.  
 Can assist with hill descent / 
ascent.  
 Relatively sealed from 
environment.  
 Easy to maintain (worn batteries) 
 On hill, requires much energy.  
 Battery can run out quickly.  
 High cost.  
 Unreliable unless fully 
charged.   
Tether 
 Cheapest.  
 Easy to use.  
 Provides most reliability when 
used. 
 Prevents runaway stroller w/o 
cost.    
 May not be frequently used.  
 Inconvenient.   
Table 4. Comparison of design concepts for braking mechanism 
 
 



























Motor Model Rated Current [mA] Rated Voltage [V] Max Power [W] 
708-052-0075AD 200 12 2.4 
708-052-0010AD 200 12 2.4 
708-052-1674AD 80 6 0.48 
Table 5. Comparison of different motor model [18] 
 
 
Light Model Power Rating [W] 
FC6T9/CW 20  
FC8T9/D/RS 22 








Reflective Material Using reflective material is an easy addition to the system that will provide 
sufficient lighting to the system if the material is illuminated. This material is cheap, and can 
simply be attached to the design without affecting any other of the features. However, one 
drawback of this concept is that light is needed to illuminate the material. Thus, other 
pedestrians walking in the dark, or small personal travel systems without lighting will not be 




Flashing Wheels Flashing wheels, an existing technology, is effective in that they only light 
when the system is moving. This avoids unnecessary battery use when the system is being 
stored. However, the system runs on battery power, and the batteries will need to be 
periodically replaced, a task which is undesirable for a consumer. When the battery is out, the 
safety feature is inactive, and a safety hazard is present. In addition, the flashing wheels concept 
only provides light for the wheel area of the stroller. This accounts for a minor potion of the 
stroller, and will not provide sufficient lighting to fully satisfy this design requirement.  
 











 Easy addition to stroller 
 Cheap 
 
 May be uncomfortable (rash-
causing) 
 May present other safety 




 Provides instant feedback on 
health of the child’s heart 
 Very expensive 
 Alert will occur after child is in 
danger 
 Requires extra output device to 
display information to parent 
Minimize 
Gaps 
 Easily implemented during 
stroller seat design 
 Holds the child in a steadier 
position, making for a less 
bumpy ride 
 May compromise the comfort 






 Keeps child in position, 
particularly around turns 
 Comfortable for the child, as 
it contours around their 
body 
 Adjustable component may 
add cost and complexity into 
the design 
 
Table 7. Comparison of design concepts of suffocation prevention 
 










Joint Cap  Easy addition to avoid 
altering linkage system 
 Cheap 
 
 Can break off, exposing the 
dangerous joint 
 Other safety hazards arise from 





 Safe by design, with no 
possibility of having a 
dangerous joint in the 
system 





 Easy addition 
 
 May fall off, exposing the 
dangerous joint 
 Makes the stroller more 
difficult to close 
 Causes stroller to spring open 
from folded position 
Cloth 
Covering 
 Easy addition 
 Low cost 
 Low weight 
 
 Hurts aesthetics 
 May fall off 
Table 8. Comparison of design concepts of pinch protection 
 
 
FUNCTION 6: PROPER SETUP NOTIFICATION The pros and cons of each suitable proper setup 





Light  Easy installation  
 Relatively cheap 
 
 Not easy for parents to observe 
   
Sound  
 Easy installation 
 Relatively Cheap 
 Easy for parents to observe 
 Make noise 
Baby Weight 
Sensor 
 Very sensitive 
 Easy for parents to observe 
  
 
 Relatively expensive 





 Relative cheap  Hard to install 




Potentiometer  Very sensitive  Relatively expensive 
 Not easy to install 
 Add weight to stroller 







FUNCTION 7: PROPER RESTRAINT NOTIFICATION The pros and cons of each suitable proper 






Light  Easy installation  
 Relatively cheap 
 Not easy for parents to 
observe 
 
Sound  Easy installation 
 Relatively Cheap 
 Easy for parents to observe 




 Very sensitive 
 
 Relatively expensive 
 Not easy to install 




 Sensitive  Hard to install 
 Relative expensive 
 
Table 10. Comparison of design concepts of proper restraint notification 
 
FUNCTION 8: STRUCTURE STRENGTH The following table summarizes the pros and cons 
of the various structure material options: 
 
Material Name Advantages Disadvantages 
Tubular Aluminum  High strength-to-weight ratio 
 Easily workable 
 Corrosion-resistant 
 Relatively expensive 





 Rigid, tough 
 light  
 relatively cheap 
 Not easily workable 
 Not stable  
 Bad resist to fatigue 
Steel Alloy  Relatively cheap  High density 
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 High strength  High carbon varieties are harder 
to machine 
Titanium Alloy   High tensile strength 
 Light weight 
 Good corrosion resistance 
 Very expensive 
Table 11. Comparison of structure materials 
 
FUNCTION 9: ONE-HANDED OPERATION The following table summarizes the pros and cons of 
the various one-handed operation mechanisms: 
 
Product Name Advantages Disadvantages 
Dual bar with loop 
inwards 
 No protrusions 
 
 Difficult to steer 
Dual bar with loop 
outwards 
 Easy to steer  Extra space needed 
Dual bar with vertical 
handle 
 Easy to steer 
 Low cost 
 Extra length when folded 
Wrist support  Easy to steer 
 
 
 Limited sizes 
 Complicated structure 
 Limited folding 
Double wheels on a 
swivel 
 Increase the stability of the 
stroller 
 Increase the ability to hold 
heavy babies 
 Increase the cost 
Table 12. Comparison of design concepts of one-handed operation 
 
 
FUNCTION 10: PARENT OBSERVATION The following table lists approximate area, cost, 
and extra weight that each design concept would take, if built as they are currently conceived. 
This assisted us in visualizing what each concept would contribute to the overall stroller 
system. 
 
Design Area  Cost Extra weight 
Clear window 25 inch2 $1 0.1 lb 
Mirror 20 inch2 $10 1 lb 
Camera and 
Screen 
30 inch2 $100 3 lb 
Clear structure 150 inch2 $10 0 lb 
Table 13. Comparison of engineering specification of parent observation 
 
The following chart summarizes the pros and cons of each generated design concept: 
 
Product Name Advantages Disadvantages 
Clear window  Easy to manufacture 
 
 Limited view 
Mirror  View of baby’s face  Dangerous for baby 
 Adjustment needed to achieve 
the best view angle 
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 Limited angle of view 
Camera and Screen  Easy to monitor  Too much cost 
 Requires extra power 
Clear structure  Provide the best view angle 
 
 Hard to find the transparent and 
robust material 
Table 14. Comparison of design concepts of parents observation 
 
 
FUNCTION 11: FOLDING SYSTEM 
 
Product Name Advantages Disadvantages 
Vertically folding  Simple motion  Relatively large folded volume 
Horizontally folding  Minimized folded volume  Added complexity 

































   
Effectiveness - +          + +    -    
Convenience - + + + 0    
Cost + - 0 - -    
Reliability 0 0 + 0 -    
Manufacturability + - + + 0    
         
Total (+) 2 2 4 3 0    
Total (-) 2 2 0 1 3    
Total 0 0 4 2 -3    
























Tether    
Effectiveness + +           + +    0    
Convenience + + 0 + -    
Cost - 0 + - +    
Reliability 0 0 + - -    
Manufacturability - 0 + 0 +    
         
Total (+) 2 2 4 2 2    
Total (-) 2 0 0 2 2    
Total 0 2 4 0 0    





















    
Aesthetics 0 0       
Brightness + -           + 0     
Angles + 0 + -     
Cost 0 + - 0     
Reliability 0 + - -     
Manufacturability 0 + - +     
41 
 
         
Total (+) 2 3 2 1     
Total (-) 0 1 3 2     
Total 2 2 -1 -1     





















    
Aesthetics + +         + +     
Comfort + +          - +     
Convenience + + + +     
Cost + - + 0     
Reliability 0 0 + +     
Manufacturability + - + 0     
         
Total (+) 5 3 5 4     
Total (-) 0 2 1 0     
Total 5 1 4 4     




























    
Aesthetics + +         + +     
Effectiveness 0 +          - +     
Convenience + + + +     
Cost +  + 0     
Reliability 0 0 + +     
Manufacturability + - + 0     
         
Total (+) 5 3 5 4     
Total (-) 0 2 1 0     
Total 5 1 4 4     
Table 20. Pugh chart for pinch protection 
 
The Pugh chart above shows that the filler material is not effective enough to be chosen as a 
design. The concept of joints that never close is too hard to design and manufacture, and limited 
time and resources prevents this mechanism from being a feasible chosen concept. However, the 
hinge cover and the cloth cover are effective, convenient, reliable and easy to manufacture. Thus, 
we conclude that the pinch protection system is the combination of hinge cover and cloth 
covering. 
 











Potentiometer   
Effectiveness 0 +        + +           +   
Convenience + 0 + -           +   
Cost 0 0 + -           -   
Reliability 0 0 - 0           +   
Manufacturability + + - -           -   
        
Total (+) 2 2 3 1 3   
Total (-) 0 0 2 3 2   
Total 2 2 1 -2 1   





















Effectiveness 0 +       + +  
Convenience + 0 + +  
Cost 0 0 0 0  
Reliability 0 0 0 0  
Manufacturability + + - -  
      
Total (+) 2 2 2 2  
Total (-) 0 0 1 1  
Total 2 2 1 1  



















Density + +         - +   
Robustness 0 - + +   
Cost 0 + 0 -   
Reliability + - + 0   
Manufacturability + + 0 -   
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Total (+) 3 3 2 2   
Total (-) 0 2 1 2   
Total 3 1 1 0   































   
Effectiveness 0 +           + +        -    
Convenience + + + +         0    
Cost + - 0 - -    
Reliability 0 0 + 0 -    
Manufacturability + - + + 0    
         
Total (+) 2 2 4 3 0    
Total (-) 2 2 0 1 3    
Total 0 0 4 2 -3    
























Effectiveness + 0          + +  
Convenience + 0 + +  
Cost + 0 - -  
Safety + - + -  
Manufacturability + + - 0  
Total (+) 5 1 3 2  
Total (-) 0 1 2 2  
Total 5 0 1 0  









FUNCTION 11: FOLDING SYSTEM The selection of folding system is presented in the Pugh chart 
below. The criteria for the selection of the folding system are as shown in the leftmost column. 
 
 Vertical Horizontal  
Convenience + 0  
Cost 0 0  
Folded Volume 0 +  
Manufacturability + -  
    
Total (+) 4 1  
Total (-) 0 1  
Total 4 0  























































































































Figure 14. 3D model of safe stroller with selected concepts 
 















































































































































































































































ܦ݈݁ܽݕ ሺݏሻ ൌ   ஼௟௢௖௞௦ ௣௘௥ ௜௡௦௧௥௨௖௧௜௢௡ ൈሺூ௡௦௧௥௨௖௧௜௢௡௦ାଶହହൈ஽௘ି௕௢௨௡௖௘ ௜௡௦௧௥௨௖௧௜௢௡௦ሻ ூ௡௧௘௥௡௔௟ ௖௟௢௖௞ ሺு௭ሻ              Eqn. (8) 
 























































































































1  1  1  1 
1  1  0  1 
1  0  1  1 
0  1  1  1 
1  0  0  1 
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0  1  0  1 
0  0  1  1 





































































































































݄ܵ݁ܽݎ ܣݎ݁ܽ ሺ݉ଶሻ ൌ  ݋݀ ሺ݉ሻ ൈ π  ൈ hሺ݉ሻ                       Eqn. (11) 
 







































Figure 19. Drawing Used for Brake Lever Calculations 
 






























Figure 21. ADAMS forces on lower hinge vs. time graph.  
 
 




















































3 Braking slot yields 4 Bending 
test 
4 Use metal cover 48 
8 Braking pin yields 2 Bending 
test 















3 Plastic breaks 2 Bending 
test 



















4 Use tougher 
material 
24 

































Polypropylene 55.6 – 56.8 0.522 – 
0.574 
3 - 5.4 3 - 4 
Pine, across 
grain 
27.5 – 37.5 0.32 – 0.64 0.247 – 0.377 5 
Polyurethane 63.7 – 78 2.2 – 2.42 3.63 – 7.4 2 – 3 
Cast Al-alloys 156 – 181 0.771 – 
0.848 
7.25 – 47.9 4 - 5 
Stainless Steel 474 – 506 2.96 – 3.25 24.7 – 145 2 - 3 































































on the microcontroller –based Stroller Control Unit.   
 

























































































































































































1 Generate the 
large cube 
Mill 3/8” end 
mill 
500 rpm Must be 
well 
lubricated 
2 Generate the 
small cube 
Mill 3/8” end 
mill 
500 rpm Must be 
well 
lubricated 




Drill 5/16” drill 500 rpm Must be 
well 
lubricated 
4 Drill the big 
cylindrical 
hole 
Drill 3/4” drill 500 rpm Must be 
well 
lubricated 




Drill 13/64” drill 500 rpm Must be 
well 
lubricated 
6 Drill the two 
holes for 
screw 
Drill 1/8” drill 500 rpm Must be 
well 
lubricated 
Table 35. Fabrication plan for brake housing bottom 
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BRAKE HOUSING TOP The brake housing top will be made out of PVC. The brake housing top 
will be manufactured using the mill machine and the lathe machine. The detailed process is 
shown below: 





1 Generate the 
big cube 
Mill 3/8” end 
mill 
500 rpm Must be 
well 
lubricated 
2 Generate the 
small cube 
Mill 3/8” end 
mill 
500 rpm Must be 
well 
lubricated 
3 Square off 
one corner 
Mill 3/8” end 
mill 
500 rpm Must be 
well 
lubricated 




Drill 5/16” drill 500 rpm Must be 
well 
lubricated 
5 Drill the 
three holes 
for screw 
Drill 1/8” drill 500 rpm Must be 
well 
lubricated 







































4 Drill the 
hole for 
cable 
Mill #76 drill 500 rpm Must be 
well 
lubricated 
4 Drill the 
hole for 
screw 
Mill #44 drill 500 rpm Must be 
well 
lubricated 






























3 Drill the 
hole for 
screw 
Mill 1/8” drill 500 rpm Must be 
well 
lubricated 






1 Input the components into BobCAD 
2 Press Start Button 
3 Take the components out carefully when 
finished  























































































  Test 1  Test 2  Test 3  Test 4  Test 5  Average 
Rug  5  8  7  9  5  6.8 
Grass  2  3  3  3  4  3 
Pavement  7  5  10  9  10  8.2 
Linoleum 
Flooring 
9  8  7  13  5  8.4 










  Test 1  Test 2  Test 3  Test 4  Test 5  Average 
Light  12  9  10  11  12  10.8 
Heavy  10  10  9  11  8  9.6 











  Test 1  Test 2  Test 3  Test 4  Test 5  Average 
Uphill  2  8  4  5  4  4.6 
Downhill  13  20  11  12  12  13.6 












  Colin  Zhekang  Yue  Yilong  Average 
5min  Moderate Mild  Mild  Mild  Mild 
10min  Heavy  Moderate Moderate Moderate  Moderate
15min  Heavy  Moderate Heavy  Heavy  Heavy 
















 Front Back Sides 
100 feet Great Great Great 
200 feet Fair Fair Fair 
80 
 
250 feet Fair Poor Poor 
300 feet Fair  Poor Poor 
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APPENDIX A   BILL OF MATERIALS 
 
Item Quantity Source Catalog  # Cost Contact 
1-1/4” L, 3/8” 
OD springs 
12 McMaster-Carr 9657K155 $10.83 Mcmaster.com 
330Kohm 
Resistor  








5 Mouser 4CT52R150J $0.25 (800) 346-6873  
Limit Switch  
 
3 Mouser 101-1306 $0.81 (800) 346-6873  




$2.07 (800) 346-6873  
AA Batteries  
 












1 Mouser 4CT52R361J $0.05 (800) 346-6873  
LM317  
 
1 Mouser 512-LM317LZX $0.21 (800) 346-6873  




$0.43 (800) 346-6873  
Wrapping wire  
 




15 Mouser 604-WP7113LID $2.10 (800) 346-6873  
Nylon block 
(6”x2”x1.75”) 













(1/4", 20')  
 




4 HomeDepot 67065 $3.92 800-466-3337 
Green masking 
tape (roll)  
 
1 HarborFreight 95513-0VGA $3.48 805-388-3000 
Tennis Racket 
Grip (roll) 
3 Meijer B001QTL0K8 $5.23 (734) 973-1200 
PVC piping ¾” 
10’ 
1 Lowes 23971   $1.73 800-445-6937 
L Brackets 4 Lowes 315684   $9.88 800-445-6937 
Clear Shower 
Curtain 






5022587 $6.96 (734) 995-0078 
Epoxy (tube) 2 HarborFreight 92665-0VGA $4.98 805-388-3000 
Stroller 1 ToysRUS 94361 $45.00 1-800-ToysRUs 
PVC tubing 
cap 
1 Lowes 447-007HC $0.32 800-445-6937 
Brake Lever    3 Student Bike  $29.97 (734) 662-6986 
Brake Cable 3 Student Bike  $14.97 (734) 662-6986 
Brake Cable 
Cap 
6 Student Bike  $0.60 (734) 662-6986 
1/8” Washers 
(bag) 
1 Home Depot 030699199815 $0.98 800-466-3337 
Cable clamp 1 Home Depot 071514005560 $4.79 800-466-3337 
 





























We changed the left end of brake pin for prototype. The left end of this brake pin intends to 
connect the brake cable to the brake pin. According to our original design, the brake cable will 
go through into the left end via that small cylinder hole, and then cable will be clamped tightly 
by two set screws from up and down side. In the actual process, it turned out that the two set 
screws could not hold the brake cable tightly as we expected.  
 
Finally, the left end of actual brake pin for prototype is like that. We made a cylinder slot in the 
top side of the pin. The cylinder end of brake cable will be fit into this slot and be held tightly 
and the cable will go out through the gap that created in the cylinder end of pin.  
 
Brake Housing 









First change is the assembling of two pieces of brake housing. The original design of small 
screws (18-8 SS Pan Head Phillips Machine Screw 5-40 Thread, Length 1’’) is not strong 
enough to hold two pieces together. As a result, we changed small screws to bigger and longer 
screws (18-8 SS Truss Head Slotted Machine Screw ¼’’ – 20 Thread, 2-1/2’’ Length) and also at 
the other end we used two hex nuts to secure and tight the whole brake housing.  
 
Second change is the modification of up part of brake housing. As first, we designed this 
complex up brake housing, intending to clamp the whole brake housing to the stroller. During 
the actual assembling process, we found out the screw s and nuts are strong enough to attach the 
brake housing to the stroller. So the original design seems to be redundant and useless, we 
simplify the original design and make it easy to fabricate. 
 
Third change is the extending the internal cylinder hole for brake pin. During the actual 
fabrication process, we found out the original design is not longer enough to hold the pin plat all 
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the time. Due to the gravity, the pin will lean to the ground when it is located in the original 
design. As a result, we changed the design and extend the cylinder hole.  
 





We added this part in our final prototype to hold the brake cables together. Three control cables 
will be set into the housing via three holes on the left side and two working cables will be set into 
the housing via two holes on the right side. Those cables will be connected together by a cable 











We changed the assembling method of pinch cover to the stroller. The original assembling 
method is not tight enough to hold the pinch cover to stroller. We added two washers to the 
































APPENDIX C: DESIGN ANALYSIS ASSIGNMENT FROM LECTURE 
 














Appropriate Material Indices: 
The objective function: m=Atρ 
(m=mass, A=cross-sectional area, t=thickness, ρ=density) 
 




A ൑ σUT 
m=Atρ,  FA ൑ σUT 
m=(F)(L)( ஡஢UTሻ 
 









Epoxy resin 0.0401 – 
0.0506 





1.17 – 1.29 7.8 – 10.5 
Hard rubber 0.039 – 0.0462 0.912 – 1 8.7 – 11.6 
PA 0.0415 – 
0.0423 
1.49 – 1.64 .53 – 10.5 
ABS 0.0426 – 
0.0441 







We finally choose ABS to make our pinch cover, because it’s light, relatively cheap and has a 












Braking pin can’t break under a stress of 59.0 MPa. 
 
Appropriate Material Indices: 
The material index is found in the material indices chart: 





















0.238 – 0.246 0.506 – 
0.557 
4.35 – 10.9 
Zinc-Cu-Ti alloy 0.257 – 0.26 0.519 – 
0.571 
7.25 – 18.1 
Copper-tellurium 0.323 1.66 – 1.83 7.98 – 9.43 
Tin, Babbitt metal 
alloy 
0.266 – 0.273 4.64 – 5.1 5.8 – 7.25 
 


























































The aluminum has higher damage ratings for all three EI99 damage categories.  Since the baby 
stroller will be in close proximity of young children and our engineering goal is first and 
foremost the safety of people, human health is the most important to us.   
 
Since we don’t use these materials elsewhere in the stroller, the above values can be taken as 
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absolute.  Therefore, it still stands that the aluminum brake pins create more damage than do the 
hinge covers.  
 
When considering the life cycle of the aluminum pin and the PVC hinge covers, it can be 
estimated that the aluminum pins will be much easier to recycle.  In this regard, the aluminum 
braking pin is much more eco-friendly than the PVC hinge covers.  Also, if the brake pin is made 
of recycled aluminum, it has already lowered its environmental impact from the beginning.   
Based on these results, we will not change aluminum as the braking pin material because it is 
fully recyclable.  We may consider polypropylene for the hinge cover and adapt the design to be 
able to use that.  However, currently household items such as strollers and appliances are not 
normally fully recycled at the end of their useful lives so choosing the material with the lowest 
initial impact may prove to be the best for the environment, at least in the foreseeable future 

















































































































































APPENDIX E  DRAWINGS OF FABRICATED COMPONENTS 
 
Brake Housing (Bottom) 
 
 



















































APPENDIX G  SOURCE CODE FOR PROGRAMMING PIC16F628A MICROCONTROLLER 
 
STATUS equ 03h 
PCON equ 8Eh 
CMCON equ 1Fh 
PORTA equ 05h 
PORTB equ 06h 
STCOUNT equ 20h 
COUNTMX equ 21h 
 
TEMP equ 27h 
TEMP2 equ 28h 
BTEMP equ 2Ch  
BTEMP2 equ 2Dh 
BEEPPAUSE equ 29h 
BEEPMULTI equ 2Ah 
STNDLED equ 2Bh 




 movlw 00h; PORTA is all output 
 TRIS PORTA 
 movlw b'01011110';  
 TRIS PORTB 
 
 MOVLW 07h; move 0x07 to W register 
 MOVWF CMCON; disable comparator module 
 
START clrf PORTA; clear LEDs upon startup to prevent overloading 
  bcf  PORTB,0 
  bsf PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'16'; BEEPPAUSE and BEEPMULTI should multiply to similar numbers 
for each tone 
  movwf BEEPPAUSE 
  movlw d'110' 
  movwf BEEPMULTI 
  call BEEPALM 
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'147' 
  movwf BEEPMULTI 
  call BEEPALM 
  movlw d'8' 
  movwf BEEPPAUSE 
  movlw d'196' 
  movwf BEEPMULTI 
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  call BEEPALM 
  bcf PORTB,6; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  call BEEPALM 
 
NORMAL0 clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,0;LED TUBE 0 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  decfsz STCOUNT 
  goto NORMAL0 
  clrwdt 
NORMAL1 clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,1;LED TUBE 1 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  decfsz STCOUNT 
  goto NORMAL1   
  clrwdt 
NORMAL2 clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,2;LED TUBE 2 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  decfsz STCOUNT  
  goto NORMAL2 
  clrwdt 
NORMAL3 clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,3;LED TUBE 3 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  decfsz STCOUNT  
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  goto NORMAL3 
  clrwdt 
NORMAL4 clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTB,0;LED TUBE 4 (Tube 4, which is the 5th tube, is on 
PORTB,0) 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  clrwdt 
  decfsz STCOUNT  
  goto NORMAL4 
  goto NORMAL0                                                                                                                            
 
SCAN bcf  ALARMSTATE,0; default to alarm state unless proven otherwise 
  btfsc PORTB,1; is weight sensor, set=no baby 
  bsf  ALARMSTATE,0; if no baby, this line doesn't get skipped and 
defaults to no alarm.  
  btfss PORTB,2 
  return 
  btfss PORTB,3 
  return 
  btfss PORTB,6 
  return 
  bsf  ALARMSTATE,0 
  clrwdt 
  return 
 
ALARM bsf  PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,0;LED TUBE 0  
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'100' 
  movwf BEEPMULTI 
  clrwdt 




  bcf  PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,1;LED TUBE 1  
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'100' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
 
  bsf  PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,2;LED TUBE 2  
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'100' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
 
  bcf  PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  clrf PORTA; disable all lights 
  bcf  PORTB,0 
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  bcf  PORTB,7;disable warning indicator 
  bsf  PORTA,3;LED TUBE 3  
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'100' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
 
  bsf  PORTB,7; sets RB7 warning indicator for indicator testing 
  movlw d'4' 
  movwf BEEPPAUSE 
  movlw d'255' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  clrf PORTA; disable all lights 
  bcf  PORTB,0 
  bcf  PORTB,7;disable warning indicator 
  bsf  PORTB,0;LED TUBE 4  
  movlw d'12' 
  movwf BEEPPAUSE 
  movlw d'100' 
  movwf BEEPMULTI 
  clrwdt 
  call BEEPALM 
  call SCAN 
  btfss ALARMSTATE,0 
  goto ALARM 
  goto NORMAL0 
 
BEEPALM movlw d'1'; this makes the beeps go without turning alarm off temporarily.  
  movwf  COUNTMX 
BEEPL3 movf BEEPMULTI,0 
  movwf BTEMP2  
BEEPL2 movf BEEPPAUSE,0 
  movwf BTEMP 
BEEPL1 bcf  PORTB,5; putting this up here instead of right after bsf makes 
BEEPL1 longer and the overhead shorter, makes tones more accurate, it also doubles as a bunch 
of NOPs after BSF to avoid a possible R-M-W error. 
  ;clrf PORTB 
  decfsz BTEMP 
  goto BEEPL1 
  bsf  PORTB,5 
  ;movlw b'00100000' 
  ;movwf PORTB 
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  decfsz BTEMP2 
  goto BEEPL2 
  decfsz COUNTMX 
  goto BEEPL3 ;always skipped if COUNTMX is d'1' 
  bcf  PORTB,5 
  return 
 
end 
